Abstract Introduction: Contamination of the preservation solution may contribute to septic complications that can occur after transplantation and cause higher morbidity and mortality among recipients. The aim of this study was to determine potential donorrelated predictors of positive microbiological findings in the preservation solution. Design: We retrospectively studied 16 donor parameters on data from our center for microbiological findings in the preservation solution used in solid-organ recovery. From January 2008 through December 2011, 976 solid organs were transplanted, and in 167, the solution was positive for contaminants. Results: The most frequently detected contaminant was coagulase-negative staphylococci. Only the donor leucocyte count (cutoff at 9.1 Â 10 9 /L) predicted positive microbiological findings in the preservation solution (P ¼ .0024). Multivariable regression analysis found that donor age, donor sex, intensive care unit stay, total number of organs recovered, and leucocyte count differentiated various categories of potentially pathogenic bacteria. Conclusion: Donor leucocyte count higher than 9.1 Â 10 9 /L predicts contamination of preservation solution.
Introduction
During the past 4 decades, a great evolution in surgical techniques, types of anesthesia, perioperative management, and immunosuppression has moved solid-organ transplant from an experimental surgical procedure to the standard of care for carefully selected patients with end-stage disease.
1-2 However, the short-term results of transplant procedures may be limited by infectious complications, which still cause substantial morbidity and mortality among this special group of patients. 3 The risk of infection for transplant recipients is increased by frequent hospital admissions, a poorer general medical condition because of organ failure, hospitalization status before organ transplant, and the type of immunosuppression used.
Furthermore, the preservation solutions (PSs) in which grafts are stored are suitable for the growth of microorganisms and are a potential source of pathogenic contaminants that can be transmitted to transplant recipients. However, the prevalence and the clinical consequences of bacterial and fungal contamination of PS have not been completely elucidated, and the results of published studies on this topic do not agree. [4] [5] [6] [7] [8] [9] [10] Controversy remains regarding the need for routine culturing of PS 5, 10 and the appropriate management when results are positive. [6] [7] 10 Reported complications resulting from contamination of PS range from nonexistent to life-threatening. 9 We herein report the findings of an analysis of our experience with routine examination of PS collected immediately before solid-organ implantation, focusing on the rates of contamination by bacteria and fungi and the donor factors that may predict complication after transplant.
Patients and Methods

Data Collection
We evaluated the microbiological findings resulting from evaluation of the PS used for all solid-organ grafts transplanted at our center from January 2008 through December 2011. All study data were collected from the Eurotransplant database and from patient records.
Donors
The following donor variables were evaluated: organ transplanted (liver or kidney), age, sex, ABO group, body mass index (BMI), cause of death (cerebral bleeding, anoxic brain damage, intracranial injury, cerebral edema, inflammatory disorders), length of stay in an intensive care unit (ICU), occurrence of cardiac arrest, noradrenaline dose (stratified as <0.1 mg/kg/min; 0.1-0.5 mg/kg/min; >0. 5 , or other), type of recovered graft (thoracic organs: right lung, left lung, heart; abdominal organs: liver, right kidney, left kidney, pancreas), total number of organs recovered, and cold ischemia time. We also documented positive results from tests of PS cultures and the types of contaminants that were identified. We stratified the identified contaminants into the following 9 categories: (1) Staphylococcus aureus; (2) coagulase-negative staphylococci; (3) Enterococcus faecalis and E faecium; (4) Streptococcus pasteurianus; (5) Escherichia coli, Klebsiella pneumoniae, Serratia marcescens, S liquefaciens, Enterobacter cloacae, E aerogenes, E agglomerans, Citrobacter brakii, Raoultella planticola, Ralstonia picketii, and Proteus mirabilis; (6) Pseudomonas aeruginosa, Burkholderia cepacia, Achromobacter spp., and Sphingomonas paucimobilis; (7) Candida albicans, Candida tropicalis, and Candida parapsilosis; (8) Propionibacterium acnes; (9) Bacillus spp., Lactobacillus spp., Bifidobacterium spp., Corynebacterium spp., Aeromonas hydrophila, Bacteroides spp., Pediococcus pentosaceus, Eubacterium spp., Kocuria kristinae, and Rhizobium radiobacter.
Statistical Analysis
Data were expressed as means with standard deviations or as medians and ranges. Univariate and multivariable nominal logistic regression analyses were performed to estimate the differences between various categories of potentially pathogenic contaminants and to identify predictors of positive microbiological findings in cultures from PS. The cutoff values of continuous variables for differentiating various groups were determined by receiver operating characteristics (ROC) analysis. Statistical significance was set at the level of P < .05. Statistical analyses were performed with JMP (SAS, Cary, North Carolina; Version 8.0.2).
Results
A total of 976 solid-organ transplants were performed at our center during the study period. This series encompassed 546 liver transplants and 430 kidney transplants.
The mean age of the donors of accepted organs was 51.1(20.5) years (range: 0-88 years). Most donors (898; 92%) were adults, and 476 (49%) were female. Causes of donor death included cerebral bleeding (n ¼ 605), anoxic brain damage (n ¼ 151), intracranial injury (n ¼ 145), cerebral edema (n ¼ 49), and inflammatory disorders (n ¼ 26). The mean body mass index (BMI) was 25.9(5. Of the 976 PS tested with probes, 167 (17%) yielded positive findings. The most frequently detected contaminants were coagulase-negative staphylococci (n ¼ 43), followed by Propionibacterium acnes (n ¼ 31). The remaining contaminants were classified to the above-mentioned categories as follows:
Prognostic factors
Univariate Cox proportional hazards analysis (Table 1) showed that donor age (P ¼ .0137), donor sex (P ¼ .0001), donor ICUstay (P ¼ .0015), total number of organs recovered (P ¼ .049), and leucocyte count (P ¼ .0460) differed significantly between various categories of potentially pathogenic contaminants. All of these variables retained their statistical significance when multivariable analysis was performed.
All variables were included in the nominal logistic regression analysis to determine potential predictors of positive microbiological findings in the PS. Only donor leucocyte count reached statistical significance (P ¼ .0024, Table 1 ). The ROC analysis estimated the cutoff point of leucocyte count at 9.1 Â 10 9 /L. 
Discussion
Bacterial and fungal contamination of the PS in which a graft is stored is a potential source of infection for the recipient. However, routine examination of the PS before organ transplantation is neither obligatory nor evenly adopted by transplant centers. Furthermore, because of the lack of published data, no satisfactory level of evidence exists that could influence a recommendation by transplant registries. Cerutti et al, in an analysis of the results of microbiologic cultures obtained from 610 consecutive liver donors before organ recovery in the ICU and routinely at the time of recovery, found both high contamination rates (48% of cultures) and considerable bacteremia (21% of cultures). 4 However, although 1-year patient and graft survival rates were not influenced by donor culture positivity, pathogen transmission occurred in 11 cases, with high 1-year mortality rates (45%). The study by Cerutti's group was the first to identify a prognostic factor for donor infection by multivariable analysis: an ICU stay of 3 or more days for the donor. 4 Donors with a prolonged ICU stay were found to be at higher risk of infection, whereas older donor age was associated with transmission of pathogens to the recipient. 4 In a recent study by Bertrand et al, both univariate and multivariable analyses showed that the preemptive administration of antibiotics to patients receiving grafts that had been stored in PS with positive cultures was an independent risk factor for the development of extendedspectrum b-lactamase-producing Enterobacteriaceae. 10 In the present study, we detected an easy-to-assess and reliable parameter for determining which stored organs may carry the risks of positive culture results and eventually of potential infection of the recipient: the donor leucocyte count. The fact that contamination in the PS could be documented not only in grafts from donors with leucocytosis but also in grafts from donors with a leucocyte count higher than 9.1 Â 10 9 /L may have important clinical consequences. Furthermore, donor age and sex, duration of ICU-stay, the total number of organs recovered, and the donor leucocyte count showed statistically significant differences across various categories of the potentially pathogenic contaminants that were identified. Despite the retrospective design of this study and the fact that the recipients were not followed up for the identification of bacteremia or nosocomial infections, this series encompasses the largest group of probe samples to be reported in the transplantation literature (n ¼ 976) and verifies the relatively high percentage (17%) of contamination of PS. Donor leucocyte count higher than 9.1Â10 9 /L predicts PS contamination.
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